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PATENT 

CMOS INTEGRATED CIRCUIT DEVICE WITH LDD N-CHANNEL 
• TRANSISTOR AND NON-LDD P-CHANNEL TRANSISTOR 

Background 

The present invention relates to CMOS integrated circuit device structures 
and fabrication methods, and more particularly to transistor doping profiles in self- 
aligned gate processes. 

Figure 1 shows a portion of a prior-art CMOS integrated circuit device 
formed on a substrate 10 and including representative p-channel and n-channel 
transistors 1, 3. The p-channel transistor 1 has a gate electrode 2 and the n- 
channel transistor 3 has a gate electrode 4, both electrodes formed over a gate 
oxide 24 and both separated by isolation dielectric 16. The gate oxide 24 and the 
isolation dielectric 16 overlie n-type 12 and p-type 14 silicon regions of the silicon 
substrate 10. Using conventional fabrication techniques, the n-type silicon region 
12 is masked off and an n+ type dopant is implanted in the p-type silicon region 
14 not covered by the gate electrode 4 or isolation oxide 16 to form the source and 
drain regions 6 of the n-channel transistor 3. Then, the n-type silicon region 12 is 
unmasked and the p-type silicon region 14 is masked. P+ type dopant is then 
implanted in the n-type silicon region 12 not covered by the gate electrode 2 or 
isolation oxide 16 to form the source and drain regions 5 of the p-channel 
transistors 1. The mask is then removed and the device formation is completed 
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typically by depositing a dielectric over the transistors and forming connections to 
the source, drain, and gate of each of the transistors using conventional 
metallization layers. 



As device size, and particularly channel length, is reduced, conventional 
drain structure MOS devices can become unreliable due to short channel effects, 
such as hot carrier effects. Conventional drain structure n-channel MOS devices 3 
can become unreliable at longer channel lengths due to short channel effects than 
conventional drain structure p-channel MOS devices 1. 

One way to overcome this problem is to modify the conventional drain 
structure such that the peak electric field at the drain edge is reduced. This can be 
done by reducing the drain doping density at the drain edge to produce a lightly 
doped drain (LDD) structure in the device. The LDD structure in the device may 
be formed by employing a sidewall spacer of silicon dioxide on the gate material. 

Figure 2 shows complementary n-channel 19 and p-channel 17 MOSFETs 
with LDDs 8, 1 1, which are typical of a plurality of such MOSFETs in a CMOS 
IC device. In a conventional process for forming LDD MOSFETs using CMOS 
technology, n-type 12 and p-type 14 wells are defined in a silicon substrate 10 and 
are isolated by isolation oxide 16. The gate oxide 24 is then formed and 
polysilicon gate electrodes 20, 22 are patterned on the gate oxide 24. The p-type 
silicon region 14 is then masked off and p-type dopant is then implanted into the 
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n-type silicon region 12 to form the LDD regions 8 of the p-channel source and 
drain regions 7. The p-type silicon region 14 is unmasked and the n-type silicon 
region 12 is then masked off. N-type dopant is implanted into the p-type silicon 
region 14 to form the LDD regions 1 1 of the n-channel source and drain regions 9. 
The mask is then removed. A layer of silicon dioxide 2000-5000 A thick is 
deposited over the device and then the silicon dioxide is anisotropically etched 
back to form oxide sidewall spacers 13, 15 on the gate electrodes 20, 22. The p- 
type silicon region 14 is again masked off and p+ dopant is implanted into the n- 
type silicon region 12 to form the p-channel source and drain regions 9. The mask 
is then removed. The n-type silicon region 14 is masked off and n+ dopant is 
implanted to form the n-channel source and drain regions 9. The device 
processing is completed using conventional techniques to form conductive 
interconnect and insulating layers. 

A problem in employing the known sidewall spacer technology in the 
manufacture of an LDD device is that the p-channel devices must be masked 
during the LDD processing of the n-channel devices, and the n-channel devices 
must be masked during the LDD processing of the p-channel devices, since the 
LDD implant penetrates all unmasked areas of the CMOS device being fabricated. 
Accordingly, an extra masking layer is required to protect areas of the n-channel 
devices during the manufacture of the p-channel devices and another extra 
masking layer is required to protect areas of the p-channel devices during the 
manufacture of the n-channel devices. 
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Figures 3 shows two of a plurality of complementary n-channel 23, and p- 
channel 21, MOSFETS with LDDs 8, 11 manufactured according to a 
conventional method of manufacturing LDD devices using removable sidewall 
spacers. The n-type and p-type wells 12, 14 are defined in the silicon substrate 10 
and are isolated by isolation oxide 16. Gate oxide 24 is then formed and 
polysilicon gate electrodes 20, 22 are patterned on the gate oxide 24. A layer of 
oxide or nitride is deposited over the device and is then anisotropically etched 
back to form sidewall spacers adjacent to the gate electrodes 20, 22. The p-type 
silicon region 14 is masked off and p+ dopant is implanted into the n-type silicon 
region 12 to form the p-channel source and drain regions 7. The mask is removed 
and the n-type silicon area 12 is masked off. N+ dopant is implanted to form the 
n-channel source and drain regions 9. The mask is removed and then the sidewall 
spacers are removed. The p-type silicon region 14 is then masked off and p-type 
dopant is implanted into the n-type silicon region to form the LDD regions 8 of 
the p-channel source and drain regions 7. The p-type silicon region 14 is 
unmasked and then the n-type silicon region 12 is masked off. N-type dopant is 
implanted into the p-type silicon region 14 to form the LDD regions 11 of the n- 
channel source and drain regions 9. The mask is then removed. The device 
processing is completed using conventional techniques to form conductive 
interconnect and insulating layers. 

One problem with using the removable sidewall spacer technology in the 
manufacture of an LDD device is that again the p-channel device must be masked 
during the LDD processing of the n-channel device, and the n-channel device must 
be masked during the LDD processing of the p-channel device. Another problem 
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is that the sidewall spacers must be removed by an etch process before the LDD 
implants. Accordingly, in addition to the two extra masking layers required 
during the manufacture, one in the manufacture of the p-channel devices, and one 
in the manufacture of the n-channel devices, an extra etch is also required in the 
manufacture of the device. 

Alternatively, the removable sidewall spacer technology can be used with 
only two masking steps, as described in Campbell et al., "MOSFET and 
Fabrication Method," U.S. Patent No. 5,087,582, assigned to Inmos Ltd. Still 
referring to Figure 3, after the p+ dopant is implanted into the n-type silicon 
region 12 to form the p-channel source and drain regions 7, while the p-type 
silicon region 14 is masked off, the sidewall spacers above the n-type silicon 
region 12 are removed and p-type dopant is then implanted into the n-type silicon 
region 12 to form the LDD regions 8 of the p-channel source and drain regions 7. 
The mask is removed and then the n-type silicon area 12 is masked off. N+ 
dopant is implanted to form the n-channel source and drain regions 9. The 
sidewall spacers above the p-type silicon region 14 are removed. N-type dopant is 
implanted in to the p-type silicon region 14 to form the LDD 1 1 regions of the n- 
channel source and drain regions 9. The mask is then removed. The device 
processing is completed using conventional techniques to form conductive 
interconnect and insulating layers. 

A problem with using this alternative removable sidewall spacer technology 
in the manufacture of an LDD device is that the sidewall spacers must be removed 
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from the p-type silicon region by an etch process before forming the LDD 
implants in the n-channel transistor, and the sidewall spacers must be removed by 
a separate etch from the n-type silicon regions before forming the LDD implants 
in the p-channel transistor. Accordingly, an extra etch is required during the 
manufacture of the p-channel devices and another extra etch is required during the 
manufacture of the n-channel devices. 
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Summary of the Invention 

A method of fabricating an integrated circuit having n-channel and p- 
channel transistors in a CMOS device is provided in accordance with the present 
5 invention. The method includes forming gate electrodes over n-type and p-type 
silicon regions that define isolated active areas of the device, implanting an n-type 
dopant into the p-type silicon to form LDD regions of the n-channel transistor. A 
first insulating layer is then formed over the gate electrodes and the n-type silicon 
regions are then implanted with a p+ type dopant impurity to form the low 

10 resistivity source and drain regions of the p-channel transistor. A second insulating 
;jj layer is formed over the first insulating layer. The first and second insulating layers 
1 3 are then etched to provide the sidewall spacers. The p-type silicon regions are then 
;~{ implanted with an n+ type dopant impurity to form the low resistivity regions of the 

11 n-channel transistor. 

13} 

□ The resulting CMOS integrated circuit has a plurality p-channel 

:=i transistors formed in active surface areas of n-type regions and a plurality of n- 
channel transistors formed in isolated active surface areas of p-type regions. Each 
of the p-channel and n-channel transistors has a gate electrode which overlies and is 

20 insulated from the respective active surface. The integrated circuit further contains 
p-channel source and drain regions each consisting of a low resistivity region, and 
n-channel source and drain regions, each having a low resistivity region and an 
LDD region. Each gate electrode having a pair of sidewall spacers having an inner 
and an outer portion each corresponding to an underlying source and drain region. 

25 Each p-channel low resistivity region is located under the outer portion and at least a 
part of the inner portion of its respective sidewall spacer. Each n-channel low 
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resistivity region is located under at least a part of the outer portion and a part of the 
inner portion of its respective sidewall spacer. Each n-channel LDD region extends 
from its respective low resistivity region to underlie the inner portion of its 
respective sidewall spacer. 

The novel features believed characteristic of the invention are set forth in the 
appended claims. The nature of the invention, however, as well as its features and 
advantages, may be understood more fully upon consideration of illustrative 
embodiments when read in conjunction with the accompanying drawings, wherein: 
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Brief Description of the Drawing s 

Figure 1 is a cross-sectional view of a conventional drain CMOS device of 
the prior art. 

Figure 2 is a cross-sectional view of a conventional CMOS device in which 
both the n-channel and p-channel transistors have LDDs and sidewall spacers. 

Figure 3 is a cross-sectional view of a conventional CMOS device in which 

10 both the n-channel and p-channel transistors have LDDs but lack sidewall spacers in 
=£j the final device structure. 

■a* 

i!j Figures 4 through 10 are cross-sectional views illustrating various step of 

11 forming two of a plurality of complementary transistors in a CMOS device 
:|f according to the present invention. 

,3 Figure 11 is a cross-sectional view of two of a plurality of complementary 

transistors at an advanced stage in the fabrication process prior to the application of 
conventional conductive interconnect and insulating layers. 



20 
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Detailed Description of the Preferred Embodiment 



LDD regions are used in the manufacture of MOS devices because as device 
size, and particularly channel length, is reduced, conventional drain structure 
5 MOS devices can become unreliable due to short channel effect, such as hot 
carrier effects. Conventional drain structure p-channel MOS devices remain 
reliable at shorter channel lengths than conventional drain structure n-channel 
MOS devices. Referring to Figure 1 1, a MOS device, manufactured using CMOS 
technology, is reliable when the distance 70 between its source and drain 44', i.e. 
lgj its channel length, is between a minimum length and a maximum length. The 
: jj minimum length is a distance between the source and drain of the transistor below 
:s{ which the transistor will not operate reliably due to short channel effects when a 
]=j conventional voltage is applied to the gate electrode. The maximum length is the 
y distance between the source and drain of the transistor above which the transistor 
i£j will not turn on efficiently. The transistor will not turn on efficiently when current 
;={ does not flow between the source and drain of the transistor when a conventional 
P voltage is applied to the gate electrode of the transistor. The minimum and 
maximum lengths are dependent on the gate length, spacer length, diffusion 
cycles, and junction depth of the implant. Conventional voltage is typically 5, 3.3, 
20 or 2.7 volts in current technology. 

When an LDD region is used, the length 72 between low resistivity regions 
of the source and drain regions 54 has to be between a minimum LDD length and 
a maximum LDD length. The minimum LDD length is a distance between the low 
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resistivity regions 56 of the source and drain regions 54 of the transistor below 
which the transistor will not operate reliably due to short channel effects. The 
maximum LDD length is the distance between the low resistivity regions of the 
source and drain regions 54 of the transistor above which transistor will not turn 
on efficiently. The transistor will not turn on efficiently when current does not 
flow between the source and drain of the transistor when a conventional voltage is 
applied to the gate electrode 22 of the transistor. In current technology, for an n- 
channel device manufactured using CMOS technology, the n-channel minimum 
LDD length and the n-channel maximum LDD length is typically primarily based 
on the doping concentration of the impurity forming the LDD and the LDD length. 

The present invention uses two insulating layers to tailor the lengths 
between the sources and drains of the respective transistors to produce reliable 
transistors that allow for area shrinkage manufactured using a simplified process 
when the device size of the transistor is such that the gate electrode width is below 
the p-channel minimum length. 

The process steps and structures described below do not form a complete 
process flow for manufacturing integrated circuits. The present invention can be 
practiced in conjunction with integrated circuit fabrication techniques currently used 
in the art, and only so much of the commonly practiced process steps are included as 
are necessary for an understanding of the present invention. The figures 
representing cross-sections of portions of an integrated circuit during fabrication are 
not drawn to scale, but instead are drawn so as to illustrate the important features of 
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the invention. 



A method will now be described by which an integrated circuit can be 
fabricated according to the preferred embodiment of the invention. Referring to 
Figure 4, n-type 12 and p-type 14 active regions are formed in a silicon substrate 10. 
P-channel transistors will be formed in the n-type silicon regions 12, and n-channel 
transistors will be formed in the p-type silicon regions 14, it being understood that 
one representative n-type region 12 and one representative p-type region 14 are 
illustrated in the figures. Regions of isolation oxide 16 are grown on the silicon 
substrate 10. A thin layer of gate oxide 24 is formed over the n-type 12 and p-type 
14 silicon regions. The gate oxide 24 is preferably a conformal undoped, grown, 
silicon dioxide, having a thickness typically between 60 A and 250 A. Polysilicon 
gate electrodes 20, 22 are formed on the gate oxide layer 24 and then subsequently 
doped with an n-type dopant. The gate electrode material may be varied provided 
that it is compatible with the subsequent deposition and etch processes required by 
the method of the present invention. It will be understood that the gate electrode 
material may include a silicide or polycide composition. The chemistry and 
fabrication techniques employed in the method of the present invention are known 
in the art and constitute conventional CMOS processing. The process steps are 
independent of the choice of CMOS structure, which may be n-well, twin well, or 
p-well, although the drawings illustrate a CMOS structure having n- and p-wells. 
It should be also understood that although the drawings illustrate only one 
complementary pair of CMOS transistors, an array of such transistors may be 
fabricated in accordance with the present invention on a single silicon substrate. 

Referring to Figure 5, a photoresist mask 26 is applied over the n-type silicon 
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region 12. N-type dopant is then implanted in the unmasked areas of the p-type 
silicon region 14 to form LDD and halo implants 28 in the source and drain regions 
of the n-channel transistor. 

5 The mask is then removed, and a first insulation layer 29 is deposited over 

the structure, as shown in Figure 6. The first insulation layer 29 is preferably a 
conformal, undoped oxide, although any conformal insulator can be used. The 
first oxide 29 has to be thick enough such that sum of the thickness of the first 
oxide 29 on both sides of the gate electrode 20 and the width of the gate electrode 

10 20, minus the distance the p+ type dopant outdifuses in subsequent process step, is 

>0 above the p-channel minimum length and below the p-channel maximum length. 

<3 In conventional technology, the oxide 29 can have a thickness between 500 A and 

□ 2500 A. 

The source and drain regions 44 of the p-channel transistor are now formed 
3 by implanting a conventional p+ type dopant. Referring to Figure 7, a photoresist 
mask 42 is applied over the p-type silicon regions 14. P-type dopant is then 
implanted through the first oxide 29 in the unmasked areas of the n-type silicon 
region 12 to form the source and drain regions 44 of the p-channel transistors. 
The p-type dopant is preferably Boron, although BF 2 or any other p-type dopant 
can be used. 

Referring to Figure 8, the mask 42 has been removed, and a second 
insulation layer 48 is deposited over the structure. The second insulation layer 48 
is preferably a conformal, undoped oxide, although any conformal insulator can be 
used. The second oxide 48 has to be thick enough such that the sum of the width 
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of the sidewall spacers formed from the first 29 and second 48 oxides and the 
width of the gate electrode 22 is above the n-channel minimum LDD length and 
below the n-channel maximum LDD length. In current technology, the second 
oxide 48 can have a thickness between 500 A and 2500 A. 

The oxide layer 48 is then anisotropically etched to form sidewall spacers 
38, as shown in Figure 9. Referring to Figures 8 and 9 simultaneously, the first 
oxide 29 forms the inner portion 32 of the sidewall spacer 38. The second oxide 
48 forms the outer portion 50 of the sidewall spacer. The width of the bottom 
edge of the entire sidewall spacer 38 should be such that the width of the bottom 
edge of two sidewall spacers 38 adjacent to the gate electrode 22 combined with 
the width of the gate electrode 22 is above the n-channel minimum LDD length 
and below the n-channel maximum LDD length. In current technology, the width 
of the bottom edge of the sidewall spacer 38 can be between 1000 A and 5000 A. 

The source and drain regions of the n-channel transistor are now formed by 
implanting a conventional n+ type dopant. Referring to Figure 10, a photoresist 
mask 68 is applied over the n-type silicon active area 12. N+ type dopant is 
implanted in the unmasked areas of the p-type silicon region 14 to form the source 
and drain regions 54, of the n-channel transistor. The mask 68 is then removed. 

Figure 1 1 shows the resultant structure after subsequent thermal processes. 
The p+ type implant diffuses further under the sidewall spacers 38. The structure 
consists of an n-channel LDD MOSFET 62 and a p-channel MOSFET 60 without 
an LDD, i.e., a non-LDD MOSFET. Conventional process steps can be used to 
complete the MOSFETs. A dielectric (not shown), such as undoped or doped 
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oxide and/or SOG, is deposited over the MOSFETs, and connections are made 
between the gates 20, 22, source and drain regions 44', 54 of the MOSFETs and a 
metallization layer (not shown). 

5 The self-aligned formation of the source and drain regions 44' of the p- 

channel MOSFET 60 using only the first oxide layer, and the self-aligned 
formation of the low resistivity portions 56 of the source and drain regions 54 of 
the n-channel MOSFET 62 using the entire sidewall spacers 38, allows the 
formation of complementary transistors 60, 62 having optimized characteristics. 
£} This also reduces the number of process steps used, using two masking steps and 
,jj one etch. This is particularly useful when the width of the gate electrodes 20 is so 
s=j short that, if the source and drains were self-aligned to the gate, later thermal 
j:j processing steps would make the channel length smaller than the p-channel 
minimum length. The inner portions of the sidewall spacers allow the source and 
£j drain regions to be implanted farther apart and spaced from the gate electrode. 
jj{ This prevents the p-channel transistor from suffering from short channel effects. 
i=j The sidewall spacers 38 allow the low resistivity regions 56 of the n-channel 
transistor 62 to be formed farther apart than the source and drain regions 44' of the 
p-channel transistor 60. This prevents the n-channel transistor 62 from suffering 
20 from short channel effects. . 

Still referring to Figure 1 1, the physical construction of an integrated circuit 
formed according to the preferred embodiment of the present invention will now be 
described in detail. A p-channel transistor 60 is located in a n-type silicon region 
25 12, and an n-channel transistor 62 is located in a p-type silicon region 14. A 
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dielectric 24 preferably of conformal undoped silicon dioxide overlies active n-type 
12 and p-type 14 silicon regions of substrate 10. The active surface portions of 
regions 12 and 14 are separated by an isolation oxide 16. The properties and 
thickness of dielectric 24 are those needed to form a gate oxide. In modern process 
technology dielectric 24 is usually silicon dioxide deposited between 60 A and 250 
A thick. Gate electrodes 20 and 22 overlie the gate oxide 24. Sidewall spacers 38 
are adjacent to the gate electrodes 20, 22. The sidewall 38 spacers each have an 
inner 32 and an outer 50 portion. 

Source and drain regions 44' of the p-channel transistor 60 are in the n-type 
silicon region 12 between the surrounding portions of isolation oxide 16 and the 
gate electrode 20. Since the p-channel transistor 60 is a conventional drain 
transistor, its source and drain regions 44' consist of low resistivity regions. The 
source and drain regions 44' of the p-channel transistor 60 are located under the 
outer portions 50 of the sidewall spacers 38 and under at least part of the inner 
portions 32 of the sidewall spacers 38. The channel length 70 of the p-channel 
transistor 60 is greater than the p-channel minimum length and less than the p- 
channel maximum length. 

Source and drain regions 54 of the n-channel transistor 62 are in the p-type 
silicon region 14 between the surrounding portions of isolation oxide 16 and the 
gate electrode 22. The low resistivity regions 56 of the source and drain regions 54 
of the n-channel transistor 62 are located under at least part of the outer portions 50 
and a part of the inner portion of the sidewall spacers 38. The LDD regions 28 of 
the source and drain regions 54 of the n-channel transistor 62 extend from the low 
resistivity regions 56 laterally inward under the inner portions 32 of the sidewall 
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spacers 38. The distance 72 between the low resistivity regions 56 of the n-channel 
transistor 60 is greater than the n-channel minimum LDD length and less than the n- 
channel maximum LDD length. 

The width of the gate electrodes 20 can be so short that, if the source and 
drains 44' were self-aligned to the gate 20, later thermal processing steps would 
make the channel length 70 smaller than the p-channel minimum length. To 
accommodate such a short gate electrode width, the first oxide is used to self-align 
the low resistivity source and drain regions 44'. This prevents the p-channel 
transistor 60 from suffering from short channel effects. The sidewall spacers 38 
are used to self-align the low resistivity regions 56 of the source and drain regions 
54 of the n-channel transistor 62 during implantation. This enables spacing of the 
low resistivity regions 56 of the n-channel transistor 62 farther apart than the 
source and drain regions 44' of the p-channel transistor 60. This prevents the n- 
channel transistor 62 from suffering from short channel effects without requiring 
LDD region for the p-channel transistor 60. 

As will be appreciated, the invention advantageously places the source and 
drain regions 44' of the p-channel transistors 60 as far apart as is optimal for that 
transistor. Likewise, the low resistivity regions 56 of the n-channel device 62 can 
be spaced optimally farther apart than the source and drain regions 44' of the p- 
channel transistor 60. Placing the low resistivity regions 56 of the n-channel 
transistors 62 closer than such optimal spacing can subject the n-channel transistor 
62 to failure due to short channel effects. The phenomenon that n-channel MOS 
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devices are more susceptible to short channel effects than p-channel MOS devices 
gives rise to the problem solved by the present invention. Using two oxide layers 
allows the formation of a conventional drain (i.e. non-LDD) p-channel transistor 
60 and an LDD n-channel transistor 62, thus optimizing the channel length of the 
respective transistors and reducing the number of process steps in fabricating the 
CMOS IC device. 

As will be appreciated by those skilled in the art, the process steps described 
above can be incorporated into various conventional process flows. 

Although the invention has been specifically described with reference to 
several preferred and alternative embodiments, it will be understood by those skilled 
in the art having reference to the current specification and drawings that various 
modifications may be made and further alternatives are possible without departing 
from the spirit and scope of the invention as set forth in the appended claims. 
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